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[Title of the Invention] 

A Conductive Spring of a Copper Alloy 

[Abstract] 

[Objectives] This invention provides a conductive spring of a copper alloy, 
excellent in mechanical properties, conductivity stress-relaxation property, 
and bendability. 

[Solution] The spring is formed of a conductive copper alloy containing, 
as major components, Ni at an amount of 1.0 to 3.5wt%, Si at an amount of 
0.2 to 0.9wt%, Mg at an amount of 0.01 to 0.20wt%, Sn at an amount of 0.05 
to 1.5wt%, S and O, each being restricted to contain at an amount less than 
0.005wt%, and Cu and inevitable impurities of the rest, in which the crystal 
particle size is more than l^m and less than 25 n m. The spring is 
appropriate for a terminal, connector material and switch material. 

[Claim l] A conductive spring formed by reduction processing of a 

copper alloy comprising, as major components, Ni at an amount of 1.0 to 
3.5wt%, Si at an amount of 0.2 to 0.9wt%, Mg at an amount of 0.01 to 
0.20wt%, Sn at an amount of 0.05 to 1.5wt%, S and O, each being restricted 
to contain at an amount less than 0.005wt%, and Cu and inevitable 
impurities of the rest, in which the crystal particle size is more than 1 jjl m 
and less than 25 // m. 
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(57) [mm] mj£M) 

[«¥ifc3M8] ii^OtNi^l. 0-3. 5wt 

Si£0. 2 — 0. 9wt%, Mg^O. 0 1- 
0. 20wt%, Sn^O. 05-1. 5wt%t*, 

s. oswfi^-en-etio. 0 0 5 w t %7kmicMm. 

U M&CuRV^Wmm*Pi®fr *©*Sfit4 
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immmi] i^iltNi^l. 0-3. 5wt 
%> Si€rO. 2-0. 9wt%, Mg^O. 01 — 
0. 20wt%, Sn^O. 05-1, 5wt%^. 

s . o^mm^^tx^ft o . o o 5 w t %*skc*ijie 

[«*Ji2] i^iltNi^l. 0-3, 5wt 
V Si^rO. 2 — 0. 9wt%, Mg^O. 01— 10 
0. 20wt%. Sn^O. 05-1. 5wt%, Zn 

*o. 2-i. 5wt%^, s. o^wfi^-en^n 

0 . 0 0 5 w t %*$Ht©JEB U ££BBC u aoCpnJjBW 
^*E«J3^6 ft 0 , *©JSJMfiffi#s 1 /i m^jg* 2 5 u m 

art* sa^-cj&is o fat* . 

[it*^3] ^»iltNi*l. 0-3. 5wt 

Si£r0. 2 — 0. 9wt%, Mg£0. 01 — 
0. 20wt%, Sn^O. 05-1. 5wt%^ 

s, o^wa^^n-etio. oo5wt%*»cw 

U SfcfcO. 0 0 5 — 0. 3wt%Ag, 0. 01— 20 
0. 5wt%Mn, *ft-e*l6. 005-0. 2wt% 
©Fe, Cr, 0. 05 — 2. 0 w t %C o v 0. 00 
5-0. 1 w t %P©*^6i8«ni«*fc«2««± 
»ftQ. 0 0 5wt%-2. Owt%t^ ^SBC 

u ro^f ojmm^m^ hu<o, ^coesftsa* 1 M m 

[i»3jcS4] M^iltNi^l. 0-3. 5wt 

S i^O. 2 — 0. 9wt% 1 Mg^O. 01 — 
0. 20wtV Sn^O. 05 — 1. 5wt% v Zn 30 

0. 0 0 5wt%*St«:SlJRHU 36CC0. 00 5 — 
0. 3wt°/oAg ( 0. 01—0. 5wt%Mn, ^ll 
-etiO. 0 0 5-0. 2wt%(DFe k Cr, 0. 05 

— 2. Owt%OCo, 0. 0 0 5 — 0. lwt%CDP 

cDtt 3 *^atfnia*fc«2«JW±€:««-eo. 005 

wt%-2. Owt%^ SISPCuS^oJja»fl«PFtt 
fytfPtt D , ^ODttJUSK** 1 m mftSi 2 5m mfeTF 

[»*315] i^iltNi^l. 0-3. 5wt 40 
%. Si£0. 2-0. 9wt%, Mg^rO. 01- 
0. 20wt%/Sn^0. 05 — 1. 5wt%^, 
S, OMMftl^O. 0 0 5w t%»* 
0, 26&C0. 0 0 5-0. lwt%Pb, 0. 005 

— 0. 0 3wtBi©iaSfe»2i4l*lrO. 0 0 
5-0. 13wtm «ISPCuRO ; ^pIi8W^«!» 

[IS3RJI6] i^ibtNi^l. 0-3. 5wt 
S i^rO. 2 — 0. 9wt%, Mg^O. 01— 50 
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2 

0. 20wt% t Sn£0. 05-1. 5wt%. Zn 

so. 2-i. 5wt%^, s. oswfi£<en-e*i 

0. 0 0 5w t %*ritC$IJp^L, 3 6CC0. 0 0 5- 
0. lwt%Pb, 0. 0 0 5 — 0. 0 3wtBi(Dl 
l*fcB2i*«irO. 0 0 5-0. 1 3 w t 

1 um*mz-2 5 ymHTr^^l^MU/c 

aE»iltNi*l. 0-3. 5wt 
Si£0. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn^O. 05 — 1. 5wt%g^ 

s , o^ws^r^n-en o . o o 5 w t %mmcmm. 

U 36&C0. 00 5-0. 3wt%Ag, 0. 01 — 
0. 5wt%Mn, ttl^tlO. 00 5-0. 2wt% 
<DFe, Cr, 0. 05 — 2. Owt%Co, 0. 00 
5-0. 1 w t%P©*^6««ftl«£fctt2«fc* 
±, RtfO. 005-0. lwt%Pb, 0. 00'5- 
0. 03wtBi©18«fctt214iai'C0. 00 5 
wt%-2. Owt%S* v S!SPCuSCJf^F"pIifiW^:« 
0 , *<DttiitiK*s i M m^S* 2 5m m«T 

[Ii*ll8] ^iltNi^l. 0-3. 5wt 
%. Si£0. 2 — 0. 9wt%, Mg^O. 01 — 
0. 20wt%, Sn^O, 05-1. 5wt%, Zn 

*o. 2-i. 5wtm s, o^wa^^n^n 

0. 0 0 5 wt%*»CCJWRU S&teO. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^rtl 
-eiiO. 0 05—0. 2wt%OFe 4 Cr, 0. 05 
— 2. Owt%Co, 0. 00 5 — 0. lwt%POf 

^6jattm«*ifctt2«feUi. &o*o. 005-0. 

lwt%Pb, 0. 0 0 5 — 0. 0 3wtBi(DllS 
fcte2«**»C0. 0 0 5wt%-2. Owt%g 

Btifi 1 Mm?:ix.2 5 ymHTt*^SH^tMl/c 

m^mQ] ifij^iuNiii. 0-3. 5wt 

Si£0. 2 — 0. 9wt%, Mgr£0. 01- 
0. 20wt%, Sn£0. 05 — 1. 5wt%^, 

s, oMM^-nfno. o o 5 w t %5fcmtcmm 

K# 1 Mm*8^2 5 umELT-C$>2>m&&VBl&Ltt 

tlt^lO] £fi£5><b ItN i % 1 . 0-3. 5w 
t S i*0. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn^O. 05—1. 5wt%, Zn 

£o. 2-i. 5wt%^, s, oMi^r-en-en 

0. 00 5wt%*Wll N «WCuKC^«JiBW 
^F««J3!p h U 0 , -€-©»fitaK*5 1 Mm^SA 2 5 u m 
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Z>Ct *«F»i T 43«tttf 

[§8#JS11] i^iltNi^l. 0-3. 5w 
Si£0. 2-0. 9wt% v Mg^O. 01- 
0. 2.0wt% t Sn^O. 05—1. 5wt%^, 
S, O$*»&en*no. 0 0 5wt%»C$l|i 
U 26&C0. 0 0 5 — 0. 3wt°/oAg, 0. 01- 
0. 5wt%Mru ^ft^tlO. 0 0 5-0. 2wt% 
CDFe, Cr v 0. 05 — 2. Owt%Co, 0. 00 

5-0. i wt%p©^6ia«ni«a/c«2ajy± 

**8»T 0 . 0 0 5 w t 2 . 0 w t £gg[5C 
uS^pIiBW^*E«J^63tc 0 , *©SS*tffl^ 1 u m 

[fi*iI12] ifit^iUtNiSl. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 
*0. 2-1. 5wt%g^ S. o^rs^-en-en 
0. 0 0 5 w t%*?»te$[|KKU S6tc0. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, -en 
ftlO. 0 0 5—0. 2wt%CDFe. Cr, 0. 05 
— 2. Owt%<DCo, 0. 0 0 5 — 0. lwt%CDP 
O^^lHti llSfctt21t<±*JlirO. 00 5 
wt%-2. Owt%t^ ^ISBC u S^pJiaW^iK 
0 . *CD*SattK^ 1 u mZMz. 2 5m m«T 

[fit*iI13] i^iltNi?rl. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£r0. 05 — 1. 5 w t 

s, o^r«*-en-eno. o o 5 w t %^micmm 

U £6Ct0. 00 5-0. lwt%Pb, 0. 005 
-0. O3wtBi011^/dJ2i«ltO. 00 

5 - o . i 3 w t m^c u Rzf^mtftJFma 

*>e>&9. W H B B iWUm^2 5/im«K 

[S»3R3S14] £J5£#£ OTN i * 1 . 0-3. 5w 
t%, Si£:0. 2-0. 9wt%, Mgr£0. 01- 
0. 20wt%, Sn^O. 05-1. 5wt%, Zn 

*o. 2-i. 5wt%g^ s, os*rs£^n^n 

0. 0 0 5 w t %*S8KlfM|RU £6&C0. 0 0 5- 
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4 

0. lwt%Pb, 0. 0 0 5 — 0. 03wtBi(Z>l 
I^/di2i^iit0. 0 0 5-0. 1 3wt%S 

v *WB®t»rn*»rasc £ 
fat*. 

[»««15] M^iUNi^L 0-3. 5 w 
t%, Si£0. 2-0. 9wt% Mg^O. Ol- 
io 0. 20wt%, Sn^O. 05-1. 5 w t 

s , omi^: -en-en o . o o 5 w t %^m^cmm 

U ZhlCO. 0 0 5-0. 3wt°/oAg, 0. 01- 
0. 5wt%Mn, ^n-eno. 00 5-0. 2wt% 
<DFe, Cr, 0. 05-2. Owt^Co, 0. 00 
5-0. 1 w t%P<D*;fc6i»tfni«*fcfc£2a« 
±, S^O. 0 05 — 0. lwt%Pb, 0. 0 05 — 
0. 0 3 w t B i © 1 14KirO. 00 5 
wt%-2. Owt%g^ 3a3BCuS^RliaW^« 
«>6&9 V -ecofiSttS* 1 um*aiL2 5 MmfcTF 

20 r*4«^r^L3W»«tttffe»r*^T. 

[iffll6] i^iltNi*l. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt%, Mg£0. 01 — 
0. 20wt%, Sn^O. 05-1. 5wt% t Zn 

*o. 2-1. 5wt%^ s, os#*«:-ene t n 
o. oo 5wt%*?isccfwi®u ££$co. 005 — 

0. 3wt°/oAg, 0. 01—0. 5wt%Mn, ^rtl 
^nO. 0 0 5 — 0. 2wt°/o©Fe, Cr, 0. 05 
30 —2. 0wt%Co, 0. 00 5-0. lwt%P6D* 

*6is«n ia*fc»2aw±, svo. 005-0. 

lwt%Pb, 0. 0 05 — 0. 03wtBiOli$ 
/c«2Miit'0. 0 0 5wt%— 2. Owt%g 

rac uswojiwwi?!)^^ o , Sottas 

fi»* 1 ^m£t£*.2 5 ymHTt^^i^tMl/c 

fa**. 

40 [an ^mmmM<vfcttMm<Dum*mw?&mo 

C«F#<DttW3 

1 if>^*;l/ 

2 S£ 

3 £&#gpt* 

4 ^D>^ 



(4) 



CHI ] 



^13 0 94045 





[#«MIE»] 

[ffiWH] W-mi 5^1^ 1 40 (2 0 0 3. 1.1 
4) 

[*»SIE 1 1 

[«!iE*f*«a*] **<D*«s 

[ *3B<0* «s ] tf fa 

[*«MiE2] 

[lilIE»*WK*] f»ttt* 

[ mmmmmmmcomm j 

[IS^l] iSc^iUtNiil. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05—1. 5wt%§^ 

s, o^ws^^n-eno. oobw t%^mtcmm 

[»3|&S2] i^iltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt°/ 0l Zn 
£ 0. 3-1. Q wt°/o^ s, os*rs***i-eft 

o . o o 5 w t %mm^mm u sissc u Rvepssmtn 

^H%9#>*>tj; 0 , ^©ilSSaS^ 1 U m^ix 2 5 *z m 

C»*S3] i^^ltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01 — 
0, 20wt%, Sn^O. 05-1. 5wt%^ k 
S, 0^****1^*10. 0 0 5 w t %*»«:«IIE 



U ££&C0. 00 5-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn, ^-tveno. 005-0. 2wt% 
©Fe, Cr, 0. 05-2. Owt%Co v 0. 00 
5-0. 1 wt%P©i*r*>e>jB«ni«*/c«2««± 
«itO. 005wt%-2. Owt%t^ g»BC 
u pJ»W^««J*> 6 & «3 , ^©J|*attft*i 1 u m 
££i;i2 5 mOTt ^> 6i^ ^Eai 1 1 M L 

[i»3c^4] ^iltNi^l. 0-3. 5wt 

Si^O, 2 — 0. 9wt%, Mg^O. 01- 
0. 2 0wt°/ Ol Sn^O. 05 — 1. 5wt°/o 4 Zn 
£ 0. 3-1. Q wt%g^ S, OMl**Wft 
0. 0 0 5 w t %5&iic3flJPIU $6CC0. 0 0 5 — 
0. 3wt%Ag t 0. 01-0. 5wt%Mn, **l 
•enO. 0 05—0. 2wt%©Fe, Cr, 0. 05 
— 2. Owt%©Co 4 0. 00 5 — 0. 1 wt%(DP 
<O*3!P6ja6*tiia*fc«2««±%*g«T0. 00 5 
wt%-2. Owtm 3S»CuSCJP^pIiBfl««^« 
5 . *<D*8fiaffi# 1 m m£M* 2 5 jU mfeTF 

C»«3I5] ific^iltNi^l. 0-3. 5wt 

Si£0. 2 — 0. 9wt%, Mg£0. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt%^, 

s. o^M^n-eno. oo5wt%*»c$K 

U ^e>CC0. 00 5-0. lwt%Pb. 0. 005 
-0. O3wtpi01Si/d^2i^irO. 0 
05-0. 1 3 wt aaSCua^pKBW^iK 
ft: 0 , *<D*6S<&ffirt* 1 /i mSrigx. 2 5// m«T 

^iltNi^l. 0-3. 5wt 
%. Si^O. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 
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g o. 3-1. o wt%^ s, o^ws^tven 

0. 0 0 5 w t %^jgtcWML, ££CC0. 00 5- 
0. lwt%Pb, 0. 0 0 5 — 0. 03wt%BiCD 
Il^/di2i«it0. 0 0 5 — 0. 1 3wt%g 

[»3jcJB7] i^il-CMi^l. 0-3. 5wt 
%. SiSrO. 2-0. 9wt% 4 Mg^O. 01- 
0. 20wt%, Sn£0. 0.5—1. 5wt%^ 
S , O^MZ^ti^tt 0 . 0 0 5 w t %*pic$!JK 
U 26&C0. 0 0 5—0. 3wt%Ag t 0. 01- 
0. 5wt%Mn, ^-n-enO. 0 0 5-0. 2wt% 
<OF e , Cr, 0. 05-2. Owt%Co, 0. 00 

5-o. i w t%p<Dtpfrhm*n\m%tc\*2m£X 

±, MO. 0 0 5 — 0. lwt%Pb v 0. 0 05- 

0. 03w t%B i <Dim£MZ2mzmM~eo. 0 0 
5wt%-2. owt%^ 4 m$cu&i?T^mm^ 

6 & 0 , -€-<D*SSffifi»* 1 u m Srffl A 2 5 m mfcl 

[19**18] M^iltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt°/ Ol Sn^O. 05—1. 5wt%, Zn 
£ 0. 3-1. O wt°/o^ S, o^rs***veft 
0. 0 0 5 w t %*jB«CiMPKU S6CC0. 0 0 5- 
0. 3wt%Ag, 0. 01-0. 5wt%Mn, 
^tlO. 0 0 5—0. 2wt%CDFe, Cr, 0. 05 
— 2. Owt%Co ( 0. 0 0 5 — 0. lwt%PO* 

frhm\iftim*tc&2micLts Rzfo. 005-0. 

lwt%Pb, 0. 0 05-0. 0 3 w t %B i CDHI 
i/c«2Mllt'0. 0 0 5wt%-2. Owt%g 

[»*Ti9] iJES»iltN-i41. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt°/ Oi Sn£0. 05—1. 5wt%^ 

s, o^ws^-eti^no. 0 p 5 w t %*j»ccftijiE 

Mm^ii2 5 MmaT-Cft&a^ ^EEgftlX 

LtMu far db o r , 48^-, 

Szjglltttftao 

[IS«3110] M»iltNi^:l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn^O. 05-1. 5wt% v Zn 
£ 0. 3 - 1 . O w t%&&. S. OMI^ftl^n 
0 . 0 0 5 w t %*^C$fM L , u ROCFnJiBW 

am & w^sfe ^EEgftix ur m at l tcmmt± « far 



[WsfcBll] iffi»iltNi*l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg>&0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt°/o^ 

s. o^w-a^-en-eno. oo5wt%*«ii 

U 56CC0. 0 05 — 0. 3wt%Ag t 0. 01- 
0. 5wt%Mn 4 *ft-e*iO. 0 0 5-0. 2wt% 
CDFe, Cr, 0. 05-2, 0wt%Co, 0. 00 

5-o. iwt%p<D*frhm&tiim*tc&2w&i± 
**tsro. oo5wt^-2, owt%^ m$c 
u Rv^mm^timtp u o , *©<ssttfl»* 1 * m 

£M;i2 5 m m«rr ^ ^i^^fEiMiir M b 

-f y ^»ffl©c^rti3&>r*4c i*^a<tr s»Ktt« 
ta. 

[ISjJcJM 1 2 ] i^ibtNi^l. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt%, Mg^O. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt% 4 Zn 

* o. 3-i. o wt%^ s, o^wm^n^ti 

0. 0 0 5 w t%*j»CCftlJIEU £^$C0. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^rtl 
^ftO. 0 05-0. 2wt%©Fe, Cr, 0. 05 
— 2. Owt%<E>Co, 0. 0 05 — 0. lwt%(DP 

<Dtyfrhmim\m£tcte2myLJi*mm-eo. 005 
r & s»&fe &fflBftix u r j gja ifcgitttffar & o 

[»*3113] i^iltNi^l. 0-3. 5w 
t%, Si^O. 2-0. 9wt% Mg^O. 01- 
0. 20wt%, Sn^O. 05 — 1. 5wt%^, 

s, oMM^no. o o 5 w t %^m^mm 

U 36tC0. 00 5-0. lwt%Pb, 0. 005 
-0. 0 3 w t %B i 0 1 l^/c«2 I^fSr 0 . 0 
0 5-0. 1 3 w t £§gPC u S^.dKB»^3K 

«w>e>& o , -tcDisataK* 5 1 m m^s^ 2 5 ^ merr 
r » aw^ ^BEgflpxbr igjat o/c^mtttf tar & -> 

^r»-5Ct*«f»it4 z»«tttfta. 
[I»*3114] i^iltNi^l. 0-3. 5w 
t%, Si^rO. 2-0. 9wt°/o ( Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt% Zn 

^ o. 3-i. o wtm s, o^ws^-en-en 

0. 00 5wt%*j»teSMRU 3 6CC0. 0 0 5- 
0. lwt%Pb, 0. 0 0 5 — 0. 0 3wt%BiCD 
li*/c»2i^ItO. 00 5 — 0. 1 3wt%t 

1 umZm%.2 5 amHTrftia^iE^l 
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t%, Si£0. 2—0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^ 
S, O#W*fc**vP*l0. 0 0 5 w t %*»Ct*j|B 
U S6tc0. 00 5-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn, -f-tl-etiO. 0 0 5-0. 2wt% 
(DFe, Cr, 0. 05 — 2. Owt%Co, 0. 00 

5-o. i wt %p©cfi^6a«nia*fc«2«J!u 

L StfO. 0 0 5 — 0. lwt%Pb, 0. 0 05- 
0. 03wt%B i©ll*/di2i«ir0. 0 0 
5wt%-2. Owt%^ 4 SWCuac/^pJiBW^ 



[I**S16] i^iltNi^l. 0-3. 5w 
t%, Si^O. 2—0. 9wt%. Mg^O. 01- 
0. 20wt%, Sn^O. 05-1. 5wt%, Zn 

* o . 3 - 1 . o w t s v o^ws«:**ve*-i 

0. 00 5wt%*I(C$Hil k 2 6CC0. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^tl 
fno. 0 05-0. 2wt%©Fe, Cr v 0. 05 
— 2. 0wt%Co, 0. 0 0 5 — 0. lwt%P(D4i 

5&>6>a«m«*/ctt2ajw±, a^o. 005-0. 

lwt%Pb, 0. 0 05 — 0. 03wt%BiGDl« 
*/c(i2I^lrO. 0 0 5wt%— 2. Owt%^ 

@^1 5 u m &TT & & ^JE^PX 
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[000 1 ] 

[ 0 0 0 2] 
[f£*Oftffi] 

, »itti:ItL/:Cu-Fe^, C u - S n^M* s # < ffl v> t>*iT^& 0 

smm^vrnm-etegmKc u -z nM^* s # <«ffl$ a 

^M&iijt^KS ?,$ita C u-Z nm^£TNi*>*,;!> A><7> 

Cu-Fe^l C u - S n^-k&-Cfc*J-J&tH*4 < 4oTSTv»4© 

[ 0 0 0 3] 
[ 0 0 0 4 ] 

>rtL^(7)j^Lv^^#tt^tnS^-r^mW^t LT, C u - N i - S i 
&g £*tTj3 19 , PH&tf, #H§BS 6 1 - 1 2 7 8 4 2 ^"QW-ffifti h tl~CV*i> 0 
L^Lfc**^ iOJ: HCu-Ni - S i ^^-Cbteffl fc»x.#>3:vMK!ifc 

S?(?)^yi2mm^ao 9 OSBf-jJ^tt 1 mm-?** 0 4 OSB^'Vhi! 
-ffcSJtfc^ ^*8BOlBa*lmmfIJK-C**K J: ? fcSBSj&VhSKfcS ft* £ 



(8) 0 9 4 0 4 5 

#^Jl#$*i&J&^<D}**, tefflStftw&MfcJ: i3ft*OC u-N i 
[ 0 0 0 5] 

**K fll;Ltf, MBS 6 1 - 2 5 0 1 3 4 4§-&SL #H§¥5 - 5 9 4 6 8^-£fR 

mm±-r& ^<d<d, Eanfjoitt^itu 1 8 o° mm$uf^temz-n%^i> 

[ 0 0 0 6] 
[ 0 0 0 7] 

XieSH^^-T^ »b<^-C, ±1*5- 1 LTN i £ 1 . 0-3. 5w 
t 96, Si£0. 2-0. 9wt%xMg£0. 0 1- 0. 20wt%, S n £ 
0. 05-1. 5wt%**, S, O-^#*£-e*l^*L0. 0 0 5wt%*iC 



(9) 0 9 4 0 4 5 

Jf^mt, 3iJ&frk LTN i £l. 0-3. 5 w t 96. S i & 0. 2- 
0. 9wt%, Mg^O. 01-0. 20wt%, Sn*0. 05-1. 5wt 
96. Zn£0. 2-1. 5wt%^*, S, O-£#*£-€-*l***l0 . 0 0 5 wt 
96*iSfcftOIKU ^CuX^PllWMW^^t), *<D&&$LBti>*i M m 

[ 0 0 0 8] 

±&<om&&K^ HtAg, Mn, F e. C r. Co, P 

w+^f>a»ir*Litti 7t(i2fiJ^±?-»-eo. oo5wt%~2. owt%3- 

=Mfctofc»i, li^tLTNi 5:1. 0-3. 5 w t 96. Si£o. 2-0. 
9wt%>Mg£0. 01-0. 20wt96, Sn£0. 05-1. 5wt%^ 

ZhKO. 005-0. 3 w t 96 A g, 0. 01-0. 5 w t 96M n. 
«0. 0 0 5 - 0. 2 wt%<OFe, Cr, 0. 05-2. 0 w t % C o . 0 
. 0 0 5 - 0. 1 w t %P<V*frbmtftl im$fci$2W.M±*&&Ml?0 . 00 
5wt%-2. 0wt%t*, S. O^*5r^tt^tL0. 0 0 5 wt%*ii: 

£ LTN i Sr 1 . 0-3. 5 w t 96. S i £ 0 . 2-0. 9 w t 

%> M g £ 0 . 01-0. 2 0 w t 96, S n £ 0 . 05-1. 5 w t 96. Z n £ 
0. 2-1. 5wt%^ ZhKO. 0 0 5 - 0 . 3wt%Ag. 0. 01- 
0. 5wt%Mn. ftlf*l0. 005-0. 2 wt96<^Fe, Cr, 0. 05 
-2. 0wt96Co.'0. 005-0. 1 w t %P<Q$>frhMl£tl lUttzit 2 
fUsLk4riS8:*-C0. 0 0 5 wt%~2. 0wt%^ S. O^*^ ft -eft 

o. o o 5 w t kiwis u &&cuRv*-nr&m*mtofrbt!:*). *<om 

«14 
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[ 0 0 0 9] 

ttz, ##*ti, ±fB<7)f^£K, ZhKPb, B i <D lUi 7tr(i2®^M* 
"CO. 0 0 5 -0. 1 3wt%t^-i:mttl>i^iglfiatT^§ 0 

JlrfflftUfi, BEJ&fr t LTNi*l. 0-3. 5 w t 96, S i £ 0 . 2-0. 
9 w t 96, Mg £ 0 . 01-0. 20wt%, S n£ 0 . 05-1. 5wt 
3 61: 0. 005-0. lwt%Pb, 0. 005-0. 0 3 wtB iOl 

U$tzte2m$:Bmx*o . 005-0. i3wt%-^s s, o^**-?-*L-r 

HO. 0 0 5 wt%*Ii:«l > H^CuSOTM»^^i^ %<o 

£ LTNi*l. 0-3. 5 w t 96, S i £ 0. 2-0. 9wt 

96, M g & 0 . 01-0. 2 0 w t %, Sn^O. 05-1. 5 w t 96, Z n £ 
0. 2-1. 5wtU*, ?f)K0. 005-0. 1 w t 96 P b , 0. 005 
-0. 0 3wtBi«ll$fcli2t^i8i-e0. 0 0 5- 0. 1 3 wt%t* 
, S, O^mM^^ril^filO . 0 0 5 w t %5fciBK1MffiU uXtf^Tjii 
«J^*ll4&j5>kfc *K *?>*&J|j&Bb&*l ^m^ii 2 5// mttTT^^i^ti 

j& l tz z. t 1 1 & mnn * 0 

[0010] 

t ±U<D&&&iz* ?M:Ag, Mn, Fe, Cr, Co, P + 
tf*ll*t£fcfi2SJgUi, WPb, B i <7) lflf ^fi2ffi^|t*T-0. 00 5 
wt%~2. 0wt%^tfSM»fto#T*4o 

=M*tf9fctt. ±J&#£ LTN i * 1 . 0-3. 5 w t 96, S i £ 0. 2-0. 
9 w t 96, M g £ 0 . 01-0. 2 0 w t 96, SnS-O. 05-1. 5 w t %^ 
fr, ZhKO. 005-0. 3 w t % A g , 0. 01-0. 5wt%Mn, ftl 
<€**l 0. 005-0. 2 wt%©Fe, Cr, 0. 05-2. Owt96Co, 0 
. 0 0 5 - 0. 1 w t %P<D*frbmifft-imt 7t(i2iW±, 00 5 

-0. lwt%Pb, 0. 005-0. 0 3 wtBiOl tz (i 2®^r^*"C 
0. 0 0 5 wt%~2. 0wt%^*, S, OGGMZZtl^tlO. 0 0 5 wt 



(XO SIS3 0 94 04 5 

5 M m£lT?*4«MJ: Q&tfuL toft T&Zo 

* fc. ±f&ftk LTN i * 1 . 0-3. 5 w t S i £ 0. 2-0. 9wt 
%> Mg^O. 0 1~O. 20wt%, S n £ 0 . 05-1. 5 w t 96, Zn^ 
0. 2-1. 5wt%^*> ?£>K0. 005-0. 3wt%Ag, 0. 0 1- 
0. 5 w t %M ru Ztl-FilO. 0 0 5 - 0. 2 w t %<DF e. Cr, 0. 05 
-2. Owt%Co, 0. 005-0. 1 w t % P<Drpfrt>Mtfil lU tfclt 2 
fIJ^.±> JSLVO. 005-0. 1 w t %P b , 0. 005-0. 0 3wtB i«D 
18* 7t(i 2ff*^*-e0 . 0 0 5 wt%-2. Owt%^ s, ottt* 
ZH^tiO. 0 0 5 w t 96ifeiftfcftUIKU »S5C uXWBTjKW^iWfe^f)*^ 

[001 1 ] 

[0 0 12] 

w?*. s^*«i«a<jajSfSo f ffe • m$u*«i3-*#-r sn, m s , 

Zn£#SE*MlU S, O^afcflliJHi LT, ^o£j B B H ;&S£ 1 ^ m fcttx. 2 
5 M m&.Tt LTJ&*«fll#14i:l!!l»j , DPX14Srefc#-r«)ifcSr*^t LTV»i 0 

[0013] 

C u('N i t S i ^^t?*^^N i -S Mb#4&*ffc»K Zti*C u «f fctf 1 
N i 0 w t %*ffi~C$>*> b < iff £ £ *t* 
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^^lfto* s 4i:-&tii:M^ itj^-C^fc^tfa**^ » Win lift 

S i *{i*fffi-ri,N i t S i <£>ffr£W**N i , S i ffl-C&Z tMthti&tzib 

> n i mz&fc-tz, tm&fts i smmwvktZo s i ***o. 2 w t 

&&tN i *&&tt^k% t tzt 0 ififcS i 

$L<fi, N i * 1 . 7-2. 8wt%> Si£0. 4-0. 7wt%!:lit 
[0014] 

#«*n#14©Sl&j&*£»i, 0. 0 1 w t %^±-cMlli^^(it'J:^ 0 icffi 

^nxte^ii^^ibfi. o. 2 o w t fc£«?fcflnfiDii££ 

i <t f±E$i-e&;& 0 ^ct>j: $ fcffi&a>e>, Mg^tfKKio. o l - o . 
2 0 w t %K&\i*X SiftlS: ;**7 >^^t 0 tt»fiDX14««B^^ <b <fc W£ Lv> 
Mg(7)^t|gllj;, o. 0 1-0. iwt%-eab*o 
[0015] 

5 w t % £*6x.T3^TT * t > iS^^fWML, 
±ra«**fc-^- 0 S n^tlliMgitOita^tii^ 0. 0 5-1. 5 
w t %^&£f&#t£^9>'X£^-fo 

*ftfl9Cli, Mg*«0. 0 1-0. 0 5 w t %<r>Wt&l^lt, S n it 0 . 8-1 
. 5 w t % j&'flfi L < „ M g«*«0 . 05-0. lwt%Wl^C(i, SnliO 



(13) 11^3 0 94 04 5 

. 0 5-0. 8 w t LV^ 0 
[0016] 

Zn£*0. 2-1. 5 w t 96* $? £ L < Ji 0 . 3-1. 0 w t 96^|ft*i t.C 
ct <9, Mg^O. 2 0 w t %S^#3*Tfc^ffl±|l8S*^l^;i/<&8nf 

ZnH. 2 w t 96, 8J £ L < ti 0. 3 w t %W±M?*4iH s ii 
tt^ik^M^'&Z&W-t&Timt LTfi, Pb, Bi* 5 *4*», Pb, B i 14 

S o 

[0017] 

J^±, Mg, Sn, Z n<DmMffi.M*MfcLtzm&$:W&Ltztf, t 5c 

>7,0&£f &^l"*co«£H{i, Mg : 0. 05-0. 15wt%, SnIO 
. 2-0. 5wt%, Zn : 0. 3-0. 8wt%t*So 
[0018] 

i^K, Ag, Mn, Fe, Cr, Co, P co^*<7)t£H £I?S5e Lfclfi £f£ 
^"T^o A g, Mn, F e, Cr, Co, Pi4, iDXl4*efc#-J-* t v> 9 
I«?-ttTi/^'()(0-e$)^ Ag, Mn, Fe, Cr, Co, P<D + tf>£> 
S»f*L 1 U£ fctt 2U1&±* 0 . 0 0 5 wt%~2. 0 w t 96-^Hf£-£& i>(DX* 

[0019] 

, th ifijnxtt * &#-r Jit *«-c £ % o 
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t£# J: *K C u - N i - S i &&&<omBt&±JR.Z-&Z>tz#>\z1&*<Dtjs=itM 

***0. 0 0 5 w t %*ri-C^^> tZ^ZMtimUT, iBKO. 3wt%Mx.T 
*fiO. 0 0 5 - 0. 3 w t %-C4>«K J: L< l± 0 . 0 0 5 - 0. lwt 

[ 0 0 2 0] 

Mnli> a**±#5**t|^l*K|!ferajDXttSrgfc#-t*«r^*Jj, o. 0 
1 w t 965fefit-C£S t < N 0. 5wt%^ix.T^f Ltfe, ^ 

nW*ig-g"^r«H»i, 0. 0 1-0. 5wt%^0, i L< &0. 03 

- 0 . 3 w t %X&Z> 0 
[ 0 0 2 1 ] 

F e ^ Crli, Si tfa&L, F e - S i C r - S i -fk^ftSr^L 

^Si*f7 *mi4£3fc£-T 4 *«, F e - S i -fk#«j, C r - 

v> 0 ttz, o. 2 w t %*&x.x&&-r& t ffltfinxi**^kLT < -ft£> 

F e > C r «"&^r-r*»-e-^iP*f±, 0. 005-0. 2wt% 
*K «t "9#F£ L < fiO . 0 0 5 - 0. 1 w t %x&& 0 
[0 0 2 2] 

c oft. n i tmmz s i tft&yazfm l, »as^iniin?»o c 0 

(is N i tJtUffit*4fc», ##^-C(iC u — N i — S i LT 
v»**«, ^ X h#}lzWFZKz><7)X*$,tii<£, Cu-Co-S i|^Cu-Ni-C 
o - S i *$:MLTtSv>o C u - C o - S i ^ttP*$»^ffi3 C 
u-Ni-S i m<£ #IB14*H#3&^A<**o Lt^oTft- 



(15) m&3 0 94 045 

n.&V>fcmfe*i)*mU$tL*>&&Kltm®T*>Z>o Co-S i ft^«H±*r 

^Si^tf^ C o ?r^Sll1-&li^<7)M^jD*{i^ 0. 0 5-2. 0wt%T*$, 

o 

[0 0 2 3] 

^#^ffi£gfr:£LTffilfljnXt££l£T$«o ioTP^IUDt^H^fi 
A^ri6BH, 0. 0 0 5 - 0. lwt%?4D, J: L < 1} 0 . 005-0 

. 0 5 w t %t*$,l> 0 

•rtLf>£ 2ffiJ^±i^B#^^iD-r^>^^fi, *«>fe*L*#i4jc {Scraps 

&frb%tmx~0. 0 0 5 - 2. 0 wt%tL/; o 
[ 0 0 2 4] 

Pb, B i <o-£Mottffl£IS£L;fcSS£g&lB-r*o Pb, B i li, 
*7^ife^iDX14*3fc#i-* Pb, B i <7) lffi^ /cti2fl^ 0. 0 0 5 - 

0. 13wt%MtS^t^5o 
P bJi4T^4J[§iDXl4*3S:*i-*«Ril07c3(fT**o ia^OT*^^ iS&ffcfc. "b 

* + fc#tfcU *#<afe&fc**fcfc£r^&SiPX14&a^-& 0 PbWO. 
0 0 5 w t %*7i?&& < , o. iwt%^ix.tat?, 
tffed81lDXti*ffiTSi-&*»f^«9-C'5:<, ffl «Xtt£ *>#Mfc£ -££ 0. 
0 0 5 - 0. lwt%^ftSf|)^ J:^^ L<(i 0. 005-0. 05wt 

B i <>*I^tfe§iDX14*3fciF-r*«SiP7c5R-e**o 0 . 0 0 5 w t %*t»-c* 

* fc#t$3feil8&*7&V|N3 < , 0 . 0 3 w t % ZMt-cmM-rz t P b t 
t3HS;T &#"*-«, <* oTB i <DMM^mmi*. 0. 0 0 5 - 0. 0 3 wt%tife 
>K «fc«3ftf£L<tt0 . 005-0. 0 2wt 

[ 0 0 2 5] 

£ *i£> A Mn, F e , Cr, Co, P <D*pfrt,Miitl 1 ffii fcWt 2®W± 



(16) 0 9 4 0 4 5 

> f>fti-e 0. 005-2. 0 wt%U/: o 

[ 0 0 2 6] 

flung-*-* i bT*±&l,t:&&i8 t frb&t&-rz&fl,%LBt<om,&ki®2 o 
Sfi> !fcfflADI1&*&'fk3**7c£ , ?2&»K *<z>*#**0. 0 0 5 wt%* 

istt&se-rsi. t-e, w jpxtt £ ft ± #k s-g-^**- o . o o 2 w t 
0{i> -e^-^s^o . 0 0 5 w t Mg*«»<ks jtTffljfip 

Xl4j&*^k-r*o 0-&«* 0 . 0 0 5 w t %J^T> #£. 0 . 0 0 2 w t %*tSj 
[0 0 2 7] 

ftUt, fltfjjDXtefcSfM^&trro t£oT, *SII*iJKtt 1 a< m£«x. 2 5 
[ 0 0 2 8] 
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*%m<vtftett*mj&r&m&&K&iiz£i&%!i.m* 1 vm^mk. 2 5 ^ mJ^ 

T <7> |£ H £ pSE-r 4 # \z \± , ,f|fty£ <r> & ft £ g$ffl fc. M3p 1" * #5? * o 

7 0 0 < C*ti<7>iS.J^-e<7)Ma{i. jltifc * < , 9 2 0 'C^M^&SK-Cfi 

^3tt* s ffi^:nB6SL^-r^o5-c, o 0-9 2 ot 

[ 0 0 2 9] 

> Jt&*«fll#14'bffiT$*-CLi 9o ioT, B#»Ififtli4 2 0 ~ 5 5 0t 

<OX iKWi&frhftt L<ti 460-53 0t-e^J!!l**ft3lT*4o 
[ 0 0 3 0] 

ifc, ^HSpxmnwg^a £700-92 or-rfrv^ 3 t>M 

^MiDX (2 5 %WT) £frofc&fc.4 2 0 - 5 5 0 r^^it'HT 9 

f fc, ^W^PX^^S^^M mmt) £7 0 0-9 2 orT^fv^ ^WiP 
X(2 5%JiJlT). 4 2 0 - 5 5 0 t^fel^ffofcftK, 3fcK25%& 

ISriLTiifci^o iW»^ti*#3feOi|*fK-C**ffl»fiDX14S:^k$-&* 
^tztbK, Bf®*4?*£ 2 5 %J£JlT«>iJDX?&*§l J tv> 0 ta^^ilt^) 



CIS) *S3 0 94 04 5 

o 

^^fttMZ^yi-^&tMr-ftim&Kl*, 2 5 0-4 0 0t«fi^f0. 5 ~ 
5 h r, MK8£M"?ff J )i&&Ktt6 0 0 - 8 0 0 tOfigt 5 ~ 6 0 s 

[ 0 0 3 1 ] 

[ 0 0 3 2] 
[*WJ] 

*#^<7>0 1 co^m^j^^ i ~ 6 kjf tmrn-t &o 

[ 0 0 3 3] 

"C/ s X-m&A;fz 0 mVk<?>*t4 XimZ 3 0 mm, ipl 1 0 0 mm. f?150m 

m-e&io ^K^n.h<omm^ 9 0 0 r-cf£M]±3££ lta^, a^^n^si* 

frofco ^Ifio»ftlR*lfc*i-*fci&ff* 9 mm£-Cffii!JlJL-C^£>> *&MJE3£fc 
J:^)¥$0. 2 5mmi:i)IIILto £<Z>flU #«*t*flttSJI 4: ig-ft-fb* -fr* § W 
^ 7 5 0*0-^3 0 s <om9BMiff^. E^fc 1 5 V/ slck±<Ofti9&BE-Cl&% 
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[ 0 0 3 4 ] 

N/mm 2 . E 1 EC (#m^) %IACS, ffiffjDX'ft, S. R 

. R (JS*«ffi^£) 96, Sn>y^rSS(SH4, *T *> i£ £ 'I* <k LTMffiJt^ (%) 
> (yam) O^&^l&fNBj&frofco 
[ 0 0 3 5] 

fihSlliJK, Hp-£*§iH*fc«:*:£ £ JISH 0 5 0 1 l:f^ JfctfciS 

«r#fflL«B0s-ffo^ o itmmx-itmm^^mmmmm (7 5 ^2 ^2 0 0^ 
<9 s^^fi j isz 2 2 4 it, sfe • m&.v>fcm&*7F-rmb lt, j 1 

S H O 5 0 5 KmCXWlfeLtZo 
[ 0 0 3 6 ] 

mmuJi^wmit. M«if»*oR^i 8 o° mmmf* y tt^tz 0 mm 

A. l 

B. /hSfctfcjWBi&Sti* 

e. wm^? 7 y ?tm®Ztl2> 
<D SHffiCJ^±£^ffl±|l8S«D&i/» l"^£fij®f Lfc„ 

[0 0 3 7] 

(B*««I#14^fFflfifi, B*if tfftI*6«*M-C*4 EM A S - 3 0 0 

N/mm 2 ? KftffirlfoafcBEfeU 1 5 0 t^HfifT^t^tTo *:„ 

S4~|j6i:ii, 1 0 0 0 hr^it(7)l«$ (S. R. R)-e*Lfc„ 
[0 0 3 8] 

tS*M^.t^^^^^D ^ ^ftfcour, 11 (a) (b) (c) 
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^-To hi (a) nmmm, (b) ji«Bsia-c* m^m^ti^y-f^ ( 

1) (D-Uimti (2) Kft&Sfctt (3) -C>m-&*KHfc3:#U 4)9-^(4^ 
n-y^ (4) JcJ: •? -9-^^/1/ (l) fc£*$ 0 (tiJffltzfrfrmfc) Z^jLtiVtm 
K-t&o Z<DVtM-cy->7'fr (1) H5 0t:i:!rSElfi| (#£JfcfllTNi l 0 0 

ohr) im-t^o wi^mm^, mi (c) ^iiffim^^-rj: ? 7n 7 

* (4) £#»)|&v> t Ok Art: £iHJ£U JS&*7»«1 

^ ' (96) »i^T**fc 0 

. . JfotJflWn^ (96) = t/io) x l o 0 
&*3, ZBMtctofr&tiH*. WmM-X)^idi3 % W\'m.<DiU (4 5 ON/mm 2 ) \ztz 

j ryym,mm^frt>wfMT&i><Dx-$>z> mn^mtEMA s- 3 0 

03i:J:^) o 

[ 0 0 3 9] 

S y *<?>-hmmmteli* 1 ^m^iRS y **MLt:nm>T-* 1 5 0 
"Cx l o 0 0i$M£>:fc$tflDa&S:LT)&^ 1 8 0 JRwS&SFiftJf, is «fc tWfM L 

$4~6t: n#J tISLrtio 
[ 0 0 4 0] 

£T*>t£§'14{4, (SKD1 IS) (1 mmx bmrnVftlL 

*mf2>) $rff 9 iUi ♦JW'^fco fLT5 0 0 1 0Bj^£> 1 0 0 0 000© 

^fi^%^-C^i" (^4«-CF. A. Ri$S) o 
'* , JiW£fc'C>v*"C'bl^$fc, 5 0 0 1 EH^fc 1 0 0 0 O®E0)¥S 

[an 
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